The nucleotide sequence reported here has been lodged with the GENEMBL sequence database under the accession number U65312.
The initial classification of APV within the genus Pneumovirus of the family Paramyxoviridae was on the basis of morphological analysis of the APV virion (Collins et al., 1986; Giraud et al., I986) . Subsequently, the electrophoretic mobility of virus-specific proteins, the number of mRNA species (Cavanagh & Barrett, 1988; Collins & Gough, 1988; Ling & Pringle, 1988) and the homology of the APV nucleoprotein (N) (Li et al., 1996) , phosphoprotein (P), matrix (M) , fusion (F), M2 (22K), SH (1A) and attachment (G) protein genes with those of other members of the genus Pneumovirus, especially human respiratory syncytial virus (HRSV) and pneumonia virus of mice (PVM), has confirmed this classification. The pneumovirus genome consists of a nonsegmented, negative-stranded RNA molecule encoding up to 10 genes. Interestingly, nucleotide sequence analysis has determined the partial gene order of APV (3' N-P-M-F-22K-SH-G 5") to be different from that of HRSV and PVM (3' NS1-NS2-N-P-M-SH-G-F-22K-L 5'). The gene order of APV is therefore similar to that of members of the genus Rubulavirus within the subfamily Paramyxovirinae of the family Paramyxoviridae, however, the rubulaviruses lack the 22K gene found in all pneumoviruses.
The inner core of the paramyxovirus virion consists of a helical nucleocapsid structure which is made up of the genomic virion RNA (vRNA) together with a complex of the N and P proteins with the large (L) protein. By analogy with other negative-strand viruses the L protein is predicted to be the polymerase component of the replication and transcription complexes. To date, the only pneumovirus for which the nucleotide sequence of the L protein gene is known is HRSV.
Crude APV nucleocapsids were prepared by the method of Ward et al. (1983) , treated with proteinase K for 1 h at 37 °C and vRNA was isolated by phenol/chloroform extraction and ethanol precipitation, vRNA was then treated with RNase-free DNaseI (RQ1; Promega) for 20 rain at 37 °C followed by phenol/chloroform extraction and ethanol precipitation. Genomic RNA was also isolated from virus released into the culture medium. Supernatants from infected cells were made 6 % with respect to PEG6000 and incubated overnight at 4 °C. Virus was pelleted by centrifugation at 4500 g for 30 min at 4 °C, resuspended in I ml H20 and treated with proteinase K.
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vRNA was isolated by phenol/chloroform extraction and ethanol precipitation, cDNA was synthesized from mRNA with an oligo(dT) primer (GGCCCGGGAAGCTTTTTTTT-TTTTTTT) or from genomic/antigenomic vRNA using genespecific primers with Superscript II reverse transcriptase (Gibco-BRL), treated with 1-2 U of RNaseH (Gibco-BRL) for 20 rain at 37 °C and purified on a Glassmax column (Gibco-BRL).
Classical cDNA synthesis and cloning of the APV L gene from either mRNA or genomic vRNA proved unsuccessful, as did direct RNA sequencing of vRNA. An mRNA-sense G gene-specific primer was used to synthesize cDNA from genomic vRNA. Single-stranded cDNA was dG-tailed using terminal transferase, and an aliquot used in PCR-mediated amplification using the G gene-specific primer and oligo(dC) (designed to hybridize to the dG tail of the tailed cDNA; Barr et al., 1991) . The nucleotide sequence of the G-L intergenic region and the first 240 nucleotides of the APV L gene were determined from a single clone. This sequence was subsequently reconfirmed from PCR-amplified products. Fragments were amplified from cDNA using Taq DNA polymerase (Gibco-BRL). Typically, amplifications were performed in a 100 ~1 reaction volume with 1 cycle (stage 1) of denaturation at 95 °C for 2 min, followed by 30--35 cycles (stage 2) of denaturation at 95 °C for 15 s, annealing at 55--65 °C for 15 s and extension at 74 °C for 30 s.
A comparison of the L gene sequences from nonsegmented, negative-stranded RNA viruses showed these genes to have a high A+ U content. APV L gene-specific oligonucleotides containing a high A 4-T content were used in PCR reactions where stages I and 2 (above) were separated by 3-4 cycles of denaturation at 95 °C for 15 s, annealing at 45 °C for 15 s and extension at 74 °C for 1-6 min. Using this approach a further 3000 bases of the APV L gene sequence were determined. The sequence was re-confirmed from genespecific primer PCR products.
A feature of leader and trailer sequences of paramyxoviruses is the presence of complementary nucleotide sequences at the extreme 3' and 5' ends of vRNA. This feature was used to determine the remainder of the APV L gene sequence. The sequence of the 3' end of the APV genome was determined (J. S. Randhawa et al., unpublished results) and an oligonucleotide based on this sequence was used to synthesize cDNA from antigenomic RNA, presumably by binding to the trailer region. Purified cDNA was used in PCR amplification using the leader oligonucleotide and three different mRNA-sense L gene primers to generate three differently sized fragments. Amplification was performed in 50,1 reaction volumes with I cycle of denaturation at 95 °C for 2 min, followed by 30-35 cycles of denaturation at 95 °C for 15 s, annealing at 60 °C for I5 s, and extension at 68 °C for 3"5 min using Elongase (Gibco-BRL). The sizes of the PCR products observed for each reaction agreed closely with the predicted sizes based on the relative location of the L gene primers (not shown). Thus, the sequence of the remainder of the APV L gene was determined from two individual clones each derived from independent PCRs. The entire APV L gene nucleotide sequence was reconfirmed from four clones (two representing nucleotides 1-3700 and the other two representing nucleotides 2941--6099) derived from amplification from vRNA isolated from PEG-precipitated virus.
The sequence indicated that an intergenic region of 69 nucleotides rich in A and U residues (73 %) lies between the end of the G gene and the gene start signal of the L gene. The L gene is 6099 nucleotides long including the five A residues located within the gene end signal that are part of the poly(A) tail. Transcription is initiated with the gene start signal 5' AGGACCAAU 3', which is slightly different from the highly conserved gene start signal of 5' GGGACAAGU 3' of all the other APV genes and terminates with the gene end signal 5' UAGUUAUAAAAA 3' which agrees with the consensus gene end signal of 5' UAGUUAAUU 3' of other APV genes. The first available initiation codon is 10 nucleotides from the 5' end of the mRNA and is located in a highly favourable context for the initiation of eukaryotic translation (Kozak, 1986) , having G and A residues at positions + 4 and -3, respectively (CCAAUAUGG). It initiates a single large ORF capable of encoding a polypeptide of 2004 amino acids. No additional ORFs capable of encoding polypeptides larger than 60 amino acids were located within the other two reading frames. An untranslated region of 72 nucleotides is located at the 3' end of the mRNA (not including the two termination codons, but including the gene end signal).
The deduced amino acid sequence of the L gene is 2004 amino acids long, 161 amino acids shorter than that of HRSV, with a calculated molecular mass of 228 269 Da. The size of the APV L protein is therefore outside of the 2109-2238 amino acid range observed for the L proteins of non-segmented, negative-strand RNA viruses and represents the smallest L protein known for these viruses. The predicted L protein is highly basic with an overall net charge of + 64 at neutral pH (K and R= +1; H= +0"5; D and E= --1) and a high leucine (11%) and isoleucine (6"7%) content. In comparison, HRSV L protein has an overall net charge of + 75 (Stec et al., 1991) . Stec et al. (1991) described the HRSV L protein as having a 70 amino acid N-terminal extension relative to the other L proteins of non-segmented negative-strand RNA viruses. This was attributed to the acquisition of an overlap with the upstream 22K gene. However, amino acid alignment of the L proteins of APV and HRSV (not shown) shows 65"2 % identity for the first 40 amino acids of both proteins. Thus it is more likely that since the L gene of HRSV initiates within the upstream 22K gene, whereas that of APV and PVM do not (A. J. Easton, unpublished observations), the 22K gene of HRSV may have been extended at its 3' end. Poch et al. (1989, I990) identified six domains (I-VI) within the L proteins of five non-segmented negative-stranded RNA viruses. The APV L protein also contains these domains. GIEGWCQKMW TMEAISLLDV VSVRNRVQLT  GIEGWCQKLW TIEAISLLDL ISLKGKFSIT  GIEGLQQKLW TCISCAQITL VELKTKLKLK  GIEGYCQKLW TISTIPYLYL AAYESGVRIA  GVEGYCQKLW TISTIPYLYLA~ESGVRIA  GIEGYCQKLW TLISISAIHL AAVRVGVRVS  GIEGFCQKLW TLISISAIHL AAVRIGVRVT  GIEOLCQKMW TMISISVII~ SSAESKTRVM  GIEGLCQKMW TMISISVIIL SSAESKTRVM  GIEGLCQKAW TMISIAVIIL SATESGTRVM  GIEGLCQKLW TMISISTIIL SATEANTRVM  GIEGLCQKLW TMISIAAIQL rich motif in APV and HRSV, respectively, which conforms to the ATP-binding site of protein kinases where a single lysine residue is located 16-28 amino acids downstream of a similar glycine-rich motif, G-X-G-X-X-G (Kamps et al., 1984) . We compared the APV L protein with the sequence of 13 other L proteins from non-segmented, negative-strand RNA viruses. The APV L protein exhibited the highest level of identity with the HRSV L protein. It has an overall identity of 47"9% with the HRSV L protein, rising to > 60% in specific regions (e.g. within domain III, encompassing the four polymerase motifs, identity rose to 69%). An alignment analysis (not shown) showed that the major reason for differences in length of the HRSV and APV L proteins is the absence of residues in specific regions of the N and C termini of the APV L protein. Amino acids 63-175 and 1566-1646 of the APV L protein align with amino acids 64-238 and 1649-1801, respectively, of the HRSV L protein. The gaps generated in this way account for 85"7% of the 161 amino acids (62 and 74 amino acids at the N and C termini, respectively) that are absent from the APV L protein.
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Domain III, identified by Poch et al. (1989 Poch et al. ( , 1990 ) contains four core polymerase motifs that are thought to be essential for polymerase function and includes the GDNQ motif which is present in the APV L protein (Fig. 1) and which is thought to be the core polymerase motif in which the GD dipeptide resides precisely within a fl-turn-fl structure (Poch et al., 1990) . Mutation of the GDNQ sequence of rabies virus L protein completely abrogated polymerase activity in vitro and both replication and transcription were affected equally (Schnell & Conzelmann, 1995) . Alteration of the GDN sequence to GDD (the core polymerase motif of most positive-strand RNA viruses) or SDD (the core polymerase motif of segmented negative-strand RNA viruses) also resulted in complete abrogation of polymerase activity. These findings are similar to those observed for Bunyamweravirus (Jin & Elliott, 1992) and vesicular stomatitis virus (VSV; Sleat & Bannerjee, 1993 ) L proteins. However, mutation of the VSV GDN sequence to GDD did not abrogate polymerase activity, but reduced it to 27% of the wild-type polymerase activity.
We constructed a phylogenetic tree using the predicted amino acid sequences of the L proteins of human parainfluenzavirus type 2 (HPIV2), simian virus 41 (SV41), SV5, mumps virus, Newcastle disease virus (NDV), measles virus, canine distemper virus (CDV), Sendai virus, human parainfluenzavirus type 3 (HPIV3), Marburg virus, HRSV, rabies virus, VSV and APV. Since the sizes of the L proteins are different, the four motifs located within domain Ill of the L proteins were used for comparison, Domain III was chosen for phylogenetic analysis since it contains the four core motifs essential for polymerase activity and as such would be expected to show a higher degree of homology between the L proteins. Sequences were aligned using the PILEUP program from the GCG package and edited to contain the four polymerase motifs. The phylogenetic tree was constructed using the MEGA program (version 1.01) using the neighbour-joining method followed by bootstrap analysis. The topology of the tree (Fig. 2) suggests the possible organization of the viruses into three separate groups. Group I contains the morbilli-, paramyxo-, and rubulaviruses of the Paramyxovirinae, group 2 the pneumoviruses (Pneumovirinae) and Marburg virus (Filoviridae) with the third group comprising the Rhabdoviridae. Interestingly, the APV and HRSV L protein appears to be equally distant in evolutionary terms from the L proteins of the other Paramyxoviridae as is the Marburg virus L protein. These findings are similar to those found following phylogenetic analysis of the N proteins of these viruses (Pringle, 1991) .
